States leaving many patients with substantial cognitive impairment and epilepsy. Injury-induced alterations in the hippocampus underpin many of these disturbances of neurological function. Abnormalities in the dentate gyrus are likely to play a major role in the observed pathophysiology because this subregion functions as a filter impeding excessive or aberrant activity from propagating further into the circuit and following experimental brain injury, the dentate gyrus becomes more excitable. Although alteration in excitation or inhibition could mediate this effect in the dentate gyrus, we show a key role played by an impairment of GABA A ergic inhibition. The efficacy of GABA Amediated inhibition depends on a low [Cl − ] i that is maintained by neuronal K-Cl co-transporter 2 (KCC2). Using fluid percussion injury (FPI) in the mouse, we demonstrate significant reductions in KCC2 protein and mRNA expression in the dentate gyrus that causes a depolarizing shift in GABA A reversal potential, due to impaired chloride clearance, resulting in reduced inhibitory efficiency. This study elucidates a novel mechanism underlying diminished dentate gyrus inhibitory efficacy and provides an innovative target for the development of potential therapeutics to restore the severe pathological consequences of traumatic brain injury.
Introduction
Traumatic brain injury is the leading cause of death in children and young adults in the United States and often results in neurological dysfunction i.e., cognitive impairment and epilepsy (BIAUSA, 2004) . Disturbance in hippocampal function (Scoville and Milner, 1957; Zola-Morgan et al., 1986 ) plays a leading role in these pathologies since this structure is implicated in higher cognitive function (Zola-Morgan et al., 1986; Cave and Squire, 1991; Rempel-Clower et al., 1996) and is a frequent focus of seizure generation (Annegers et al., 1998; Asikainen et al., 1999) . Despite the importance of the hippocampus, little is known about injuryinduced regional alterations in neuronal circuitry underlying hippocampal dysfunction. Under normal conditions, robust GABA A -ergic synaptic inhibition in the dentate gyrus is thought to endow this hippocampal subregion with the ability to function as a low pass filter, impeding excessive or aberrant activity from propagating into the more seizure prone hippocampus (Heinemann et al., 1992; Sloviter, 1994; Cohen et al., 2003) . Following fluid percussion injury (FPI), the dentate gyrus becomes more excitable (Lowenstein et al., 1992) , which is likely due to a breakdown in GABA A ergic inhibition (Reeves et al., 1997; Toth et al., 1997; Witgen et al., 2005) . As a result, a decrease in dentate gyrus GABA A ergic efficacy may contribute to both cognitive deficits and epilepsy. (Kaila, 1994; Payne, 1997; Rivera et al., 1999) . When Cl
increases inside the neuron, decreasing the driving force for GABA A -mediated inhibitory currents resulting in significant disinhibition (Nabekura et al., 2002; Jin et al., 2005; Zhu et al., 2005) .
Little is known about the mechanisms underlying diminished GABA A ergic inhibition in dentate gyrus following TBI. Here we investigated whether KCC2 expression was altered following FPI in mice. A reduction in KCC2 expression would diminish Cl − extrusion, thereby impairing cellular ability to maintain low intracellular Cl − concentration following traumatic brain injury, resulting in decreased inhibitory synaptic efficacy.
Methods

Generation of TBI animals
Experiments were performed on 5-to 7-week-old, 20 to 25 g C57BL/6J mice (Jackson Laboratory, Bar Harbor, ME). All experimental procedures and protocols for animal studies were approved by the Children's Hospital of Philadelphia Institution for
